To compare the influence of weight-reducing diets containing different amounts of protein and CHO on body composition in obese adolescents and to examine dietary and physical activity behaviours during follow-up. METHODOLOGY: Design: Prospective randomised study comparing two weight-reducing diets with the same energy (1750 kcal) and fat (31%) content, but different protein and carbohydrate contents: PROTÀ (15% protein, 54% CHO) vs PROT þ (19% protein, 50% CHO). Patients: Massively obese 11-to 16-year-old children (32 boys and 89 girls). Setting: A 9-month treatment in a medical centre (boarding school) plus a 2-y follow-up in free-living patients examined at home 1 and 2 y after treatment. Measurements: Anthropometry, bioelectrical impedance, nutritional intakes and physical activity. RESULTS: Of the 121 eligible children (61 in PROTÀ and 60 in PROT þ ), 82% completed the trial until the end of weight loss treatment and 60% were followed 2 y after treatment. Body mass index (BMI) value at inclusion was 36.3 kg/m 2 or 4.3 z-scores (2.9-5.9). BMI z-score decreased to 1.7 at the end of treatment and went back to 2.8 (0.8-6.1) 2 y after treatment. This corresponded to a weight loss of 30.3 kg and weight regain of 21.3 kg. After treatment, energy intake increased and physical activity decreased. The contribution of energy ingested at breakfast decreased while snacking increased. For all measurements, no dietary group differences existed at baseline or at any time during the intervention and follow-up. CONCLUSION: A higher protein content of the diet did not confer any benefit in the treatment of childhood obesity. Substantial weight loss was obtained with a moderately energy-restricted diet and normal fat content. After weight loss, mean weight increased in spite of moderate energy intake, together with a drift towards obesity-associated behavioural patterns. The causes of the inability to adopt normal weight subjects' behaviour permanently deserve to be investigated further.
Introduction
Obesity treatment requires a reduction in energy intake relative to energy expenditure. Both a decrease in energy intake and/or an increase in energy expenditure can be advocated in reaching this objective. 1 High fat foods provide much energy per unit weight (high energy density). When total energy intake needs to be reduced, it is thus appropriate to restrict fat intake. In addition, high fat foods have been shown to induce little satiety, 2 allowing a quick return of hunger and food intake.
Dietary-induced thermogenesis is weakly stimulated by fat intake, therefore inducing little dissipation of energy as heat. In contrast, high protein foods induce a higher thermogenesis on the one hand and intense satiety on the other. The energy density of high protein foods is also lower than that of high fat foods. In the context of a weight-reducing diet, protein seems to be a beneficial nutrient acting on many aspects of energy balance. Another important goal of weightreducing diets is the maintenance of the fat-free body mass. In dieting children, height velocity must also be preserved. This is why most diets 1, 3 contain a high level of protein, in order to meet these important biological aims.
However, there is evidence that casts doubt on the beneficial effects of low fat-high protein diets. For example, numerous studies have established that the prevalence of obesity has been increasing over the last decades, in parallel with a decrease in fat intake and an increase in the percentage of energy provided by protein in the population, especially in children. [4] [5] [6] Epidemiological studies relating food intake and body fatness indicate that overweight is often associated with high protein diets. 6 Evidence also exists to suggest that excessive protein intake could play a role in the development of body adiposity during growth through alterations in the hormonal status. The high plasma insulin like growth factor-1 concentrations and reduced growth hormone (GH) secretion (spontaneous or in response to a wide variety of stimuli), a characteristic feature of children with simple obesity, 7 may be the consequence of high protein diet and play a role in the development of adipose tissue. 8, 9 Although high protein diets are often prescribed in weight loss programmes, their benefits are not clearly established. 1, 10 Whatever the composition of the diet, it is a consistent finding that obese patients regain weight over time after treatment. 1, 3 However, little is known about the subject's behaviour during the dynamic phase of weight regain.
In the present study, the impact of controlled diets with different protein contents on weight loss and maintenance, and behavioural factors during follow-up were investigated in massively obese children, first over a 9-month weight loss treatment and second, 1 and 2 y after the end of treatment.
Subjects and methods

Subjects
Obese children were included in a weight-reducing programme starting in September 1997. Follow-up ended in August 2002. The participants were referred to a specialised centre for obesity treatment by their general practitioner. The inclusion criteria were the following: a body mass index (BMI) exceeding the 97th centile of the French reference values, 11 age between 11 and 16 y, no pathologies contributing to obesity and no use of regular medication. The Ethical Committee for the protection of persons participating in biological experimentation of Hospital Paris Saint-Louis approved the protocol and parents gave consent allowing the child to participate in the study.
Protocol
The participants lived for one school year in a medical centre (also boarding school) specialised in the treatment of obese children. The treatment included diet, physical exercise and psychological support. The adolescents were randomly allocated to two diet groups differing in proteins and carbohydrates (CHO). Examinations were performed at six time points (P1-P6) as shown in Figure 1 . During treatment, clinical and biological parameters were recorded on four occasions in the centre: at inclusion (P1), 2 weeks following inclusion (P2), when the body weight goal determined by the physician was reached (P3) and at the end of the stabilisation phase (P4). During follow-up, anthropometric measurements, nutritional intakes and physical activity were recorded at home 1 year (P5) and 2 y (P6) after treatment.
Weight-reducing diet in the centre Energy intake was restricted to 1750 kcal a day until reaching the body weight goal (P1-P3). Subsequently, daily energy intake was increased progressively, in 1-week steps, until about 2200 kcal on average (depending on age and sex). The maintenance diet was then followed during 4 weeks (P3-P4). The children and their parents were advised to maintain the same level of energy and nutrient intakes after leaving the centre (P4-P6).
The nutrient content of the PROTÀ diet was 15% protein and 54% CHO. The respective values for PROT þ group were 19 and 50%. PROT þ diet was the habitual diet in the centre. The protein content in the PROT þ diet was 85 g/day. The protein content in PROTÀ diet (65 g/day when total energy was 1750 kcal) was decided taking into account the recommended dietary allowances (59 and 44 g in 15-18 y boys and girls, respectively). 12 In the PROT þ diet, meat, fish or eggs were served twice a day, while in the PROTÀ diet they were consumed only once a day. Fat content was identical in both diets (31%). The percentage of energy ingested over the four daily eating occasions was 20% at breakfast, 31% at lunch, 16% at the afternoon snack and 33% at dinner. Snacking out of these four main meals was very occasional in the centre.
Physical activity
Physical activity consisted in 7 h/week of vigorous sports (swimming, tennis, handball, aerobic) and 7 h/week of outdoor activities (such as walking or playing). Children had no possibility to watch TV in the centre. They Dietary intervention in obese adolescents MF Rolland-Cachera et al alternatively could spend time reading, acting, singing, talking or trolling in the centre. Advice was given to maintain the same nutritional intake and physical activity at home during weekends and holidays.
Body measurements
Body measurements were performed using standard procedures. 13 The BMI (weight/height 2 ) was calculated and because it varies with age, z-scores were computed on the basis of the French reference data using the LMS method.
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Bioelectrical impedance (BIA) was measured with a twoelectrode portable impedance analyser (IMP BO 1, l'Impulsion, Caën, France). 14 Precision of the instrument was 1%
(710 O).
Biological assays
To assay urinary GH, urine samples were collected on 2 consecutive days. The average of these two measurements is presented. The GH assay method was the IRMA kit (BioMerieux, Marcy l'Etoile, France). Owing to the unexpected interruption of kit availability during the study, it was possible to assay urinary GH only at inclusion (P1) and 2 weeks later (P2), and only in a few subjects (n ¼ 34).
Lifestyle variables at inclusion and during follow-up
Nutritional intakes were assessed at inclusion in the centre and 1 and 2 y after treatment by the same skilled dieticians using the 'dietary history' method. 15, 16 Physical activity was assessed using a questionnaire 17 adapted for French children. 18 Statistics Continuous variables are reported as means (7standard deviation). Analysis of variance (ANOVA) test was used to determine differences in physical and behavioural variables between the two diet groups. ANOVA test for repeated measures were used to compare BMI z-score changes over time between the two dietary groups. w 2 test was used for qualitative data tests. A P-value of less than 0.05 was considered statistically significant. Statistics were performed using Abacus Conceps Statview (Berkeley, CA, USA).
Results
Of the 121 eligible children (32 boys, 89 girls), 61 (16 boys, 45 girls) were randomly allocated to PROTÀ group and 60 (17 boys, 43 girls) to PROT þ group. The sex ratio reflects the attendance in the centre. Age at inclusion varied from 11.2 to 16 y. In all, 22 patients (eight in PROTÀ and 14 in PROT þ ) left the institution or were excluded before the end of treatment (nine left because they were home sick, five for discipline problems, four for familial reasons and four did not follow the prescribed diet). At the end of treatment, data were available in 99 children. During follow-up, 1 year after treatment, 83 children were examined. After 2 y, weight and height were available in 71 children, but complete information was available in 66 children only. Among the children lost to follow-up, 15 could not be reached or moved far away and 13 refused, some of them because of familial problems. Finally, 82% of children completed the trial up to the end of treatment and 60% up to the end of follow-up (57% in PROTÀ and 62% in PROT þ ). There were no significant dietary group differences in drop-out rates (P ¼ 0.31).
The total duration of treatment in the centre (P1-P4) was 9.372 months divided as follows: 2 weeks following inclusion (P1-P2 ¼ 0.5470.04); weight loss phase until the body weight goal was reached (P2-P3 ¼ 7.172.5); and end of stabilisation phase (P3-P4 ¼ 1.670.06). Duration of followup (P4-P6) was 24.975 months (P4-P5 ¼ 12.673; P5-P6 ¼ 1272). No duration difference appeared, for each phase, between PROTÀ and PROT þ groups.
Anthropometric data during treatment and follow-up
The BMI value at baseline was 3675 kg/m 2 (min 27-max 58), corresponding to 4.3 z-scores (min 2.9-max 5.9). The average weight loss (P1-P4) was 30.3710 kg (min 13-max 80) corresponding to a decrease of 2.670.06 BMI z-scores (min 1-max 3.9). Table 1 presents subjects' characteristics at baseline (P1) and at the end of treatment (P4) and changes in anthropometric parameters and BIA between P1 and P4, in PROTÀ and PROT þ groups. For all variables, there were no statistical differences between groups at P1 and P4. Height increased over the 9-month period, while all other measurements (except the SS/TRI skinfold and the waist/hip ratio) significantly decreased. BIA showed a decrease in both the fat and the fat-free masses (FFMs). Owing to the higher loss of fat than of FFM, the percentage of body fat-free tissue was higher at the end than at the beginning of treatment. For all measurements, changes during treatment did not differ significantly between PROTÀ and PROT þ groups. Following the end of the treatment period, weight increased: þ 14.1711.6 kg between P4 and P5 and þ 8.378 kg between P5 and P6, corresponding to a total increase of 21.3717.4 kg (min À1.8 to max þ 92). Figure 1 presents the changes in BMI z-score from P1 to P6 in PROTÀ and PROT þ groups. Mean BMI z-scores decreased from 4.370.6 (P1) to 4.170.7 (P2), 2.070.5 (P3) and 1.770.6 (P4). After treatment, mean BMI z-scores increased, reaching 2.570.9 at P5 and 2.871.1 at P6. No significant difference in BMI z-scores from P1 to P6 was recorded between the two dietary groups (P ¼ 0.47). The mean BMI decrease between P1 and P6 was 1.471 z-scores. No differences between dietary groups (1.471 in PROTÀ and 1.371 in PROT þ ; P ¼ 0.86) or between genders (1.371 in boys and 1.471 in girls; P ¼ 0.60) were recorded. Percentages of children were also considered: 63% decreased their BMI by
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GH assays
They were performed in 34 subjects (18 in PROTÀ and 16 in PROT þ ) at inclusion (P1) and 2 weeks later (P2). No difference in urinary GH/creatinine was observed between dietary groups at P1 (0.3070.36 pg/ml in PROTÀ and 0.2270.23 in PROT þ ; P ¼ 0.45). Between P1 and P2, urinary GH significantly increased in PROTÀ group (0.3070.36-0.4470.29; P ¼ 0.02), whereas no significant change occurred in PROT þ group (0.2270.23-0.2170.27; P ¼ 0.92).
Lifestyle variables before treatment and during follow-up At baseline, children reported a daily energy intake of 3269 kcal (14% as protein, 37% as fat and 49% as CHO). The percentage of energy consumed at the different meals was 10% at breakfast, 37% at lunch, 8% at the afternoon snack, 31% at dinner and 14% as snacking out of these meals. The practice of regular sports amounted to 2.8 h/ week. Table 2 presents nutritional and physical activity parameters during follow-up. Between the first and second year after treatment, energy intake increased by 171 kcal, explained by an increase in fat ( þ 86 kcal) and CHO ( þ 85 kcal), mainly sucrose ( þ 62 kcal). Expressed as percentages of daily energy consumed, breakfast size decreased and snacking increased. Physical activity decreased and time watching TV increased. At each time point, no difference was observed between PROTÀ and PROT þ groups, except, as expected, a higher protein intake in PROT þ than in PROTÀ group (80714 vs 91714 g/day at P5; P ¼ 0.003 and 80724 vs 92718 g/day at P6; P ¼ 0.03). For all lifestyle variables, changes were similar in both sexes.
Discussion
In the present study, we examined the effects of a comprehensive treatment on weight loss and maintenance and compared two diets containing different amounts of protein and CHO in obese children. The inpatient setting during one school year allowed a full control over food intake during treatment. Another strength of the present investigation is that subjects could be followed by trained investigators over 2 y after the end of treatment. However, the drop-out rate may limit the interpretation of the results.
Over a 9-month treatment period, the average weight loss was 30 kg. Weight loss is accounted for by both fat mass (FM) and FFM. As described previously, 19 BIA overestimates the FFM in the obese. This may lead to underestimation of the percentage of FM at baseline in our study. The overestimation of FFM at baseline may also lead to overestimation of the FFM loss during the intervention. However, the comparison between the two dietary groups (no differences in FM and FFM levels and losses) should not be affected. At 2 y after treatment, weight regain was 21 kg. Subjects who ingested a Dietary intervention in obese adolescents MF Rolland-Cachera et al lower protein diet had comparable body measurements during treatment and follow-up with subjects ingesting a higher protein diet. GH results obtained during the weight loss treatment are consistent with our hypothesis that a lower protein diet would induce a better catching-up of GH levels than the classic high protein diet.
Our results contrast with a study conducted in obese adults who, after 6 months, lost more weight on a high protein diet (25%) than on a more balanced diet (12% proteins). 20 However, the present study was conducted in massively obese adolescents, they were very active during the treatment and the difference between the protein content (15 vs 19%) was not as high as in the earlier study (12 vs 25%). While conducted in a different context (using a proteinsparing modified fast restricting diet), a study reported greater weight loss after 6 months in obese adolescents consuming the diet containing 50% energy as protein as compared to another group consuming 20% energy as proteins. However, in this previous study, at 1-year followup, similar mean weights were reported in both groups. 21 Although they are often prescribed in weight loss programmes, high protein diets do not seem to provide clear benefits in weight reduction and maintenance. Besides, they may have potential negative effects that have not yet been investigated thoroughly. 10, 12 Particularly, high protein diets may accelerate the processes that lead to glomerular sclerosis and may increase urinary calcium excretion if phosphorus intake is constant. 22 It has been suggested, but not demonstrated, that an habitual high intake of protein might contribute to osteoporosis. 12 Restrictive diets may also have negative consequences as they may impair growth rate and are not favourable for changing the individual and family lifestyle. 23 Our study showed that weight loss was obtained with a moderately energy-restricted diet with normal fat content. After treatment, behaviours were improved as compared to the pretreatment period. However, mean body weight increased. Weight regain occurred in spite of moderate (but increasing) levels of energy intake, as compared to normal weight children, 16 together with progressively deteriorating behaviours. After 9 months of restructured habits (a large proportion of energy at breakfast, little snacking, active lifestyle, no TV), and in spite of strong motivation to maintain weight loss, skipping breakfast and snacking became more frequent, physical activity decreased and time spent watching TV increased. Breakfast and snacking at the end of follow-up represented 12 and 11% of energy, respectively, as compared to 15 and 3% in normal weight French children of the same age. 16 Time spent watching TV was 22 h/week as compared to 16 h in normal weight children. 16 The progressive drift toward obesity-associated behavioural patterns during follow-up suggests the involvement of internal and external mechanisms. 24, 25 Obese subjects indeed report that maintaining weight loss requires substantial effort. 26 Psychological factors may provide some explanation as to why many people with obesity regain weight following successful weight loss. 27 In conclusion, weight loss treatment was performed in massively obese children. Anthropometric measurements, body composition and the few available hormonal status analyses did not support the beneficial roles classically attributed to high protein diets. The present study also shows that substantial weight loss can be obtained even with a moderately energy-restricted diet and provides new information on post-treatment behaviours. After weight loss, in spite of moderate energy intake, body weight increased. Relapse may be the consequence of the drift toward unhealthy behaviours (altered meal patterns, reduced physical activity). The causes of the inability to adopt normal weight subjects' behaviour permanently deserve to be investigated further. Dietary intervention in obese adolescents MF Rolland-Cachera et al
